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RADICAL  POLYMERIZATION  OF  VINYL  ACETATE  IN  THE 
PRESENCE  OF  TRULKYL  PHOSPHITES 


Doran  Gnazou  OMida  Mintare  aad  KffyisiafMMyjHiBwild* 


Cunegie  MeUoB  IhiNcniiy 
DqNmmeni  of  ChenttRiy 
4400 RAh  Avenue 
Pittsburgh.  PA.  1S213 


Inlroiluciion 

Reactions  involving  free  radicals  and  irivalent  phosphorus 
compounds  such  as  alkyl  (aryl)  phosphines  or  phosphites  have  been 
intensively  studied  in  recent  years^  llie  leacdon  products  were  often 
identified  as  phosphocanyl  radicals,  which  may  undergo  subsequent  a  or  9- 
scissions  (eq.  1.2)2; 

R*  +  P(OR’)i - ►  RPIORTj  (I) 


RIYOR' 


R.  +  ROR-)! 


(J) 


R'«-v<M«(0R‘)a 


The  fonner  reactian  is  usually  an  opposite  leactioa  to  the  fotmaiioo 
of  phosphoranyl  ladicaL  whereas  the  latter  one  is  the  oaidatioa  pracess 

which  leils  to  the  fonnatioo  of  Pi^  bonds,  like  in  Arbotov  leatrangeaaMt 

There  are  a  few  examples  of  radical  Mlymerizanon  of  sotne  acryuc 
monomers  (methyl  metIuKiylaie.  actyioniiiile)  in  the  pitiuiet  of  tnvalent 
phosphorus  componiids  (phosphines.  phosphitesI^A.  A  monometf Rj 

affects  the  polyinet4zaiinnlrineto.wlieraasmoieci»lar  weights 
and  polydispersities  are  not  influeooed  by  the  inidatniyiphotphorns  ratios. 

In  this  paper  we  report  on  the  radical  polymetiiauioo  of  vinyl  acetate 

(VAc)  initiated  by  benxoyl  permcide  (BPO)  in  the  presence  of  phosphites  or 
ph«wph-iM  Molecular  weights  and  polydispeisiiiBS  of  poty(vinyl  acetate) 
hrepni^  by  initiatiaa  with  (BPO)Atis(2A2-trifluoraeihyl)phosphise  sy^ 
do  not  vary  with  conveision.  In  contrast,  whra  BPO  alone  was  used  as 
initiatar.  a  strong  decrease  in  molecalar  wei^ts  with  cMvernon  was 

nobwed.  as  weU  as  a  significant  increase  in  polyduqiersines  (Mw/Ma  ■  1.4  to 

1.95).  Higher  concentratioos  of  inidator  lead  to  lower  molecular  weights, 

independently  of  the  initiatoe^photphite  molar  ratios. 


Results  and  Discussiotl 

Polymerization  rates  increase  in  the  presence  of  tris(2.2.2- 
trifluoraethyD^phiie  (TFEP).  Figure  1  presents  dme-cooversion  >» 
semilogatithmic  coordinates  for  polymetizadon  of  VAc,  inioated  by 
TFEP/BPO  (1.5/1)  and  BPO  alone,  at  the  same  concentration  of  peroxide 
(0.02SM).  The  kinetic  plots  obtained  in  the  presence  of  phospUle  are  linear. 

indicating  thm  the  concentiatioa  of  the  growing  radicals  does  001  vasy  during 

polymetizadon. 


IBPOUimPlo-  1:1.5.  (a)  IBTOl,  •  0.1  IM.  (b)  IBPOJ,  -  0.08M4c)  IBPOI,  -  0.05M. 
(d)  (BPOlo  •  0.025M.  (e)  (BPOI,  «  0.02SM.  no  TFEP 


Figure  2  preseott  effect  of  added  TFEP  on  the  variadon  of  molcGtilar 

weights  with  convert  foe  polymerizadoo  of  VAc  initialed  by  BPO  at 

60“C  In  polymerization  initiated  by  BPO  alone,  molecular  weights  decree 
with  conversion.  This  can  be  ascrib^  to  the  aa^  saonger  decrease  of  the 

pfopagation  rate  in  comparison  with  the  inidadon  rate.  Polymerization 
degrees,  defined  by  the  ratio  of  the  corresponding  rates  (assuming  no 
coniribudoo  U  tnnsfer)  decreases  gradually  with  cooversioii.  In  contrast, 

polymerizadon  in  the  presence  of  phosphiies  provides  constant  value 

weight  duiteg  eftOft  polymerixem  procett.  Mdocolir 
are,  however,  affected  by  the  concentration  of  phosphite/BPO  initiating 
system.  Higher  molecular  weights  are  observed  at  lower  inidator 
cooceniraiion. 


FjgweLMe-eoareisioadnpcndrunhuiolyiiieriiiiioaafVAcMdMsdhyTFHPfBPO 
(IVAelo  -  SAM.  beamae.  60»C,  IBPOlorlTFBPI,-  1:15.  (a)  (BPO),  > fellM.  <b) 
IBPOk  -  Oi(NM,(c)  (BFOk  -  OilSM.  (4)  (BPOlo  -  tUSSK  (a)  (BPQI,  -  OtnSM.  ae 
TFEP 


Variadoo  of  molecular  weights  with  convezBon  fbr  the  hdiiadon  with 
BPO  alone  leads  to  the  increase  m  polydispersides.  Initially,  low  values  in 
the  range  of  M«/Mir«  1 3  may  indiem  tetininatioo  by  coopliBg.  as  expected 
for  polymetizadon  of  vinyl  acetate^.  Polydispersity  increases  strongly  with 
conversion  (to  >  2),  because  molecuiv  wo^ts  decrease  doe  to  the 
reduction  of  the  ratio  rate  of  propagadonAate  of  hddadoo.  Surprisingly, 
polydisimides  in  the  presence  of  phosphite  do  not  change  during  endre 
polymerization  (M«/Ma  *  1.6  to  1.7).asshowninFigiae3 


Fnore  3  Mv/Mg  -  coaverma  dependence  in  potymerizaiiia  of  VAc  iaiiiaiod  by 
TFEP/BPO  (I5/I) 
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The  iwiwMMM  praces*  can  be  deacribed  aa  foUowi ; 


Smictuie  of  phoaphiKi  smngly  affleet  polymeiinuian  of  vinyl  acetaae 
initiated  by  BPO.  Table  1  tbowa  the  infltietioe  of  difieieni  phoaphiiea  on 
polymeiuaiion  of  VAc  ht  benzene  at  600C 

Table  1 

Effect  of  the  Structure  of  Phoaphiles  on  Polymerizatioa  of 
Vinyl  Acetate  in  Benzene  at  60*0  *) 


Phosphite 

Mo 

Mw/Mn 

Conversion,  % 

(CH30)3P 

99.000 

1.33 

18 

(n-C4H90)3P 

84,000 

1.36 

3 

(i-C3H70)3P 

- 

- 

<0.5 

(CF3Cai20)3P*') 

63,000 

1.39 

83 

a)  (F(OR)3la/lBPO|,  •  I  J/l.  (BPOlo  >  (MQ5  mobU  (VAcI,  -  7  nolA,  24  houn 

b)  time  •  6  hom 

Polynierization  rates  are  probably  affected  by  both  iteric  and 
electronic  factors.  Rates  ate  strongly  reduced  by  the^inaease  of  the  size  of 
alkyl  group  in  the  phosphite  (Me<Bu<iPr).  However,  trifluoroediyl  group 
has  the  intetmediate  size  but  provides  the  fastest  polymerization.  Tto  could 
be  ascribed  to  the  electronic  effects. 

Replacement  of  a  Divalent  Dimethyl  phosphite,  (CH30)3P.  with  a 
penuvalent  Dimethyl  phosphate  (CHjOyjriO,  leads  to  a  sooi^  inciease  of 
the  rate  and  polydispersity  and  change  of  the  molecular  weight  (after  24 
bouts  •  83%  conversion;  Mn  •  27,000;  Mw/Mg  •  2.72).  These  data  are  very 
similar  to  the  polymerization  initiated  by  BPO  alone.  This  may  indicate  that 
phosphates  have  very  small  effect  on  polymerization  of  vinyl  acetate,  in 
contnst  to  phosphites. 

In  order  to  get  a  deeper  insight  into  the  nature  of  the  initiating  system, 
the  reactian  of  TFEP  with  BPO  (1.3/1)  was  firllowed  by  ^tp-NMR.  At  room 
temperature  after  0.3  hours  no  reaction  was  observed  and  only  the  original 
sig^  of  TFEP  at  1 39  ppm  was  detected.  When  the  leacdottiempetiniie  was 
increased  to  60^,  after  0.3  hours  a  new  signal  of  pentavakm  phosphorous 
(5  a  -2.6  ppm)  was  found.  Figure  4  shows  the  ^IP-HMR  spectrum  of  this 
reaction  mixtute. 


rigmc  4.  tlp-NMR  speetram  of  the  praduett  of 
the  leaciioa  of  TFEP  with  BPO  (I3/I) 
at  <aBc  after  03  hoan,  CDCh 


Fifore  5.  ^'P-NMR  spectnim 
of  PVAc  (Mni4.000).  CDCb 


So,  either  trifluoroethylndicalsCF3CH2*  or  benzoyl  radicals  PhOO*  may 
initiate  polymerization  of  VAc.  It  is  also  possible  that  the  initiation  may 
involve  direct  reaction  between  phosphoranyl  radicals  and  monomer.  If  such 
a  bimalecular  reaction  will  be  the  slowest  one  (rate  detennining)  in  the  entite 
initiatioo  paocess,  then  the  propagation  and  initiation  rates  will  be  affecaed  in 
the  same  way  by  the  changes  in  monomer  concentration.  In  that  case  the 
molecular  wei^t  will  not  change  with  conversion  resulting  in  lower 
polydispersities. 

3ip-NMR  spectra  lecotded  on  PVAc  polymers  (M*  •  8,000)  (Hg3) 
revealed  the  presence  of  pemavalent  phosphates  atoms  at  S  »  30  ppm.  This 
is  the  range  absorption  of  dialkyl  alkylphosphooates  ( (R0)2P(0)R‘]B.  It 
is  possible  tluu  these  functions  can  be  incoipotaied  by  trantfer  processes: 


«/vwwcMr|H  ♦  Ftoft), 
CHj-C-O 


•  I 

f\  ■ 


.0* 


(5) 


OR 


OR 


CHjOO 

! 


,OR 


•^WV-CHiOt-P  „R. 

'  n  OR 
?  ° 

CHjOO  (4) 
oi  -CFiCHi) 


The  bond  energy  of  the  P-O  bond  is  higher  than  that  of  the  P-C  bond 
(e.g.  86  kcal/mole  vs.  63  kcal/inole)B.  Initially  lower  molecular  wmghts 
obsoved  in  system  with  phosphites  in  comparison  with  initiation  with  BPO 
alone  may  additionally  soppon  this  type  of  a  reaction. 
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